This paper investigates the stationary characteristics of computed real interest rates with nominal interest rates and inflation for 22 OECD countries. Using quarterly data over the 2000 -2010 period, LM unit root test is employed which endogenously determines up to two structural breaks in level and trend. The empirical findings suggest a combination of stationary and nonstationary results for real interest rates, nominal interest rates and inflation. Besides, the internal stationarity or nonstationary interactions of real and nominal interest rates are investigated by inflation. The results indicate that stationary nominal interest rates and inflation cause stationary real interest rates. At the same time nonstationary nominal interest rates and inflation could cause a stationary or nonstationary real interest rate with respect to cointegration. Stationary nominal interest rate and nonstationary real interest rate cause to nonstationary real interest rate while nonstationary nominal interest rate and stationary inflation could cause stationary or nonstationary real interest rate.
Introduction
The literature that investigates the stationary of interest rates is expanding not only with variety of methodologies but also with the purpose of studies. Since the first deductive study of Rose (1988) , the body of the literature grows by time series unit root with structural breaks and panel unit root techniques. Studies which aims to search the unit root of real or nominal interest rates generally searches this for convergence, mean reversion, regime shift effects, purchasing power parity and stability of economic environment.
It is being assumed that Rose (1988) to be the first deductive study which indicates that the nominal interest rate series is not stationary. Following Rose (1988) , there are many other studies investigating the unit root in nominal interest rates with time series unit root tests with or without break such as Zivot and Andrews (1992) , Choi (1994) , Evans and Levis (1995) , Crowder and Hoffman (1996) , Lumsdaine and Papell (1997) , Nunes et al.(1997) , Malliarapulos (2000) , Newbold et al. (2001) , Rapach and Weber (2004) . Except the study of Malliarapulos (2000) , the results indicate that nominal interest rates are unstationary. On the contrary, the results of Malliarapulos (2000) studies indicate that nominal interest rates are stationary.
Same discussions are also expanding on the real interest rates. While some of the studies indicate that real interest rates are stationary such as Garcia and Perron (1996) , Clemente et al. (1998) , Choi and Ahn (1999) , Caporale and Grier (2000) , Lai (2004) ; the others such as Pain (1994), Patel and Akella (1996) state that the real interest rates are nonstationary.
The literature also expands by panel econometric techniques that include panel unit root tests with structural break(s). Stationarity of nominal interest rates is tested by Costantini and Lupi (2007) for OECD countries, which indicates that nominal interest rates are stationary with breaks. Another study with structural break is realized by Arghyrou et al. (2009) which exhibits the real interest rates are stationary for 21 of 24 EMU countries.
It is possible to classify the previous studies by the ones that take into account nominal interest rate and the studies that consider real interest rate. However, Fisher (1930) links the long-run behavior of the real interest rates directly to the long-run relationship between inflation and nominal interest rates. According to this, nominal interest rates and the real interest rates could have identical behaviors. The relationship between nominal and real interest rates is defined by Fisher hypothesis which exhibits the real interest rate as the difference between the nominal rate and expected inflation. Thus, for the real interest rates to be affected only by transitory disturbances, any permanent shocks to the nominal interest rate and expected inflation must cancel out. Both inflation and nominal interest rates are affected by permanent shocks. These findings imply that nonstationary interest rates and nonstationary inflation is expected to result in stationary real interest rates. This is a comprehensible statement if nominal interest rates and inflation are equally affected by shocks. Thus, the common stochastic trend of nominal interest rates and inflation could be eliminated. Fisher (1930) states that cointegration would explain this result. Furthermore, without restrictive assumptions, the deductive method of Rose (1988) indicates that nonstationary nominal interest rates and stationary inflation will cause nonstationary real interest rates. Besides Costantini and Lupi (2007) indicates that if both the nominal interest rate and inflation are stationary, real interest rates should also be stationary.
There are two contributions of this paper to the existing literature. First contribution is the analysis of international data that exploits increased power deriving from the unit root methodology, together with the flexibility of allowing up to two endogenous structural breaks in the level and the trend of the individual series which is proposed by Lee and Strazicich (2003 and . Second, nominal interest rates, inflation and real interest rates are all tested separately to reveal the stationary phenomenon of real interest rates by internal interaction of nominal and real interest rates.
The paper is organized as follows: the next section briefly introduces the methodology. Section 3 summarizes data and results. The last section concludes the paper.
Methodology
It is being assumed that the seminal contribution to econometric theory is the unit root process. Starting with Nelson and Plosser (1982) , the literature expands by Perron (1989) which takes in to account of structural shifts. Zivot and Andrews (1992) , Banerjee et al. (1992) , Perron and Vogelsang (1992) , Lumsdaine and Papell (1997) , Perron (1997) , Lee and Strazicich (2003 and are well known studies that concentrates on unit root process under structural shifts. While the methodology of Lee and Strazizich (2003 and ) exhibits a powerful unit root test up to two structural breaks, the results of ADF and PP Tests may be invalid if a structural break exists (Jewel et al. 2003) .This paper applies univariate LM unit root tests under structural shifts which are proposed by Lee and Strazicich (2003 and .
The LM unit root test considered by Lee and Strazicich (2003) originates with the estimation of two-break LM unit root test statistics. If less than two breaks is significant, the procedure is repeated using the one-break LM unit root test. If no break is significant, then the no-break LM unit-root test is employed. As such, the location of breaks, the number of breaks, and the number of lagged augmentation terms are jointly determined for each country. The steps of this procedure are also proposed by Jewel et al. (2003) and Im et al. (2005) .
The first step in computing the minimum LM unit root test statistic is to compute univariate LM unit root test statistics for each country. The calculation of the univariate LM statistics with two-breaks starts with the estimation of the following equation according to LM (score) principle as follows: The minimum LM unit root t-statistic determines the endogenous location of two breaks by utilizing a grid search as follows:
The determination of TB is denoted by minimum LM test on equation 3 where
Data and Results
The quarterly data starting from the first quarter of 2000 to last quarter of 2010 on long term nominal interest rates and inflation variables are used for 22 OECD countries (See Table 1 ) which obtained from OECD statistics. Long-term interest rates are the long-term government bonds that yield more than 10 years. Inflation rates are proxied by consumer price index. Following Ferreira and Leon-Ledesma (2007) and Arghyrou et al. (2009) , real interest rates are computed by subtracting the inflation from nominal interest rates which is also proposed by Fisher (1930) .
Countries considered in this study are Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, and United States. The countries in the sample and the period are highly dependent to data availability.
The analysis starts with the determination of the number of augmentation terms with a maximum of 8 (k=8), and the time interval is (0,1; 0,9) in this study. The asymptotic normal value of 1,645, on the t-statistics of the last first differenced lagged term for 10% confidence is being used. After determination of optimal break points, each possible two combination of breaks are investigated. If the significance of the dummy coefficients is less than 10%, minimum LM unit root t test for one break proposed by Lee and Strazicich (2004) is applied. If the significance of the dummy coefficients are less than 10% for one break minimum LM unit root test than minimum LM unit root test without a break is employed. Optimal number of breaks denotes to structural shifts of the series (up to two). Besides optimal lag length (k) denotes the optimal time depth of the econometric calculations. Whereas higher (k) will lower the statistical confidence level of the results and lower (k) will conceal the coefficients. The LM unit root results of nominal interest rates, inflation and real interest rates are summarized on Table 1, Table 2 and Table 3 respectively.
The results of unit root tests in Table 1 appear to support that the nominal interest rates are nonstationary for 14 of the 22 countries. However it is possible to reject unit root null hypothesis in the cases of Australia, Austria, Czech Republic, Greece, Hungary, Italy, Switzerland, and United Kingdom. Table 1 also shows that two structural breaks are significant for two countries (Australia, United Kingdom) and 1 structural break exists in 3 countries (Austria, Czech Republic, Greece). Besides three countries have significant LM test result without break (Hungary, Italy, and Switzerland).
The results of unit root tests in Table 2 support that the inflation rates are nonstationary for 14 of 22 countries. On the other hand it is possible to reject unit root null hypothesis in the cases of Czech Republic, Greece, Hungary, Italy, Portugal, Spain, Switzerland, and United States. The number of breaks in Table 2 indicates that two structural breaks are significant only for Spain. However there are 4 countries with one significant structural break (Greece, Hungary, Portugal and Switzerland). Finally there are 3 countries that have significant LM test statistics without a break (Czech Republic, Italy and United States).
The results of unit root tests in Table 3 shows that the real interest rates are nonstationary for 8 of 22 countries. Furthermore, it is possible to reject unit root null hypothesis in the cases of Belgium, Canada Czech Republic, Finland, Greece, Hungary, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, and Switzerland. Table 3 also indicates that there are 3 countries that have 2 structural breaks of real interest rates (Canada, Netherlands, Sweden) and 4 countries with 1 structural break (Greece, Italy, Portugal and Spain). There are only 7 countries that have significant LM unit root test results without a structural break (Belgium, Czech Republic, Finland, Hungary, Ireland, Norway, Switzerland). Rose (1988) argues that, if nominal interest rates have a unit root but inflation and inflation forecast errors do not, then ex ante real interest rates have a unit root and are therefore nonstationary. Conversely it is expectable that, if inflation has a unit root and nominal interest rates do not have unit root, then ex ante real interest rates should have a unit root. While expectations are rational, actual and expected inflation will only differ by a white-noise error term (Rapach and Wohar, 2004) . In other words it is reasonable to assume that ex ante and ex post inflation differ only by a stationary forecast error term. According to this thought, ex ante inflation will be in line with ex post inflation.
Another implication for the stationarity of nominal and real interest rate is stated by Costantini and Lupi (2007) , which indicates that, if both the nominal interest rate and inflation are stationary, ex post real interest rates must be also stationary. Furthermore, as far as the inflation forecast errors are stationary, also ex ante real interest rates must be stationary. Another contribution on the stationarity of nominal and real interest rate is made by Crowder and Hoffman (1996) , which indicates that, if the nominal interest rates and the inflation rates are both integrated of order one, stationarity of real interest rates could be obtained under several circumstances which can be explained as cointegration. One might easily argue that if both nominal interest rates and inflation are nonstationary, then real interest rates could be stationary due to the elimination of exogenous shocks and stochastic trend while calculating real interest rates. However this argument is valid if exogenous shocks affect the nominal interest rates and inflation proportionally at the same time. Furthermore, stochastic trend of both nominal interest rates and inflation must be identical. According to these arguments, all of the results can be summarized on Table 4 for further discussions. Table 4 shows the stationarity results of nominal interest rates, inflation and real interest rates together. Considering the results of Table 4 , real interest rates are expected to be stationary if nominal interest rates and inflation are both stationary. This eligible argument of Rose (1988) which is also considered in Costantini and Lupi (2007) can be seen for the cases of Czech Republic, Greece, Hungary, Italy and Switzerland.
Real interest rates are expected to be stationary under relevant cointegration conditions if nominal interest rates and inflation are both unstationary. The argument of Crowder and Hoffman (1996) can be seen on the cases of Belgium, Canada, Finland, Ireland, Netherlands, Norway and Sweden. However the results of Denmark, France, Germany and New Zealand shows that the nominal interest rates and inflation cannot be considered as cointegrated for the selected countries. Briefly, real interest rates could be unstationary while both nominal interest rates and inflation are nonstationary due to insufficient cointegration conditions. While real interest rates are generated by nominal interest rates and inflation, if nominal interest rates or inflation is nonstationary, it is expected that the real interest rates would be nonstationary. This can be observed from the results of Australia, Austria and United Kingdom and United States. However, the most unexpected results are Portugal and Spain with nonstationary nominal interest rates and stationary inflation, resulting stationary real interest rates. This finding could be inconsistent with Rose (1988) . However, Rose (1988) arguments are related to ex ante real interest rates, the real interest rates in this case are the ex post ones. Under the assumptions of Fisher hypothesis, the real interest rates and the inflation forecast errors are stationary and nominal interest rates are nonstationary which is also well discussed by Choi (1994) . According to the results of Portugal and Spain, a stationary inflation could help to eliminate the unit root in nominal interest rates.
Conclusion
The issue of whether or not real interest rates are stationary has serious implications for researchers and policy makers. Real interest rates are result of nominal interest rates and inflation. On account of this, nominal interest rates and inflation need to be investigated simultaneously for unit root. In this paper, nominal interest rates, inflation and computed real interest rates data of 22 OECD countries are examined over the period 2000 -2010 to test for stationarity.
There are various methods that investigate unit root. However, if one or more structural breaks exist in series, an appropriate method is needed to be applied. In many economic time series, allowing for only one structural break may be too restrictive. In this study an LM unit root test that endogenously determines break in level and trend up to two structural breaks is employed. The results indicate that unit root is rejected for 14 of 22 countries. In other words, these findings provide significant evidence that real interest rates are stationary for the selected countries. This result also shows that if real interest rates are mean reverting it might be possible to forecast ex post real interest rate by using ex ante ones.
The interaction between nominal interest rates and inflation provide significant evidence for stationarity of real interest rates. First of all stationary nominal interest rates and inflation may result stationary real interest rates which is consistent with Rose (1988) . Second, nonstationary interest rates and inflation could result stationary real interest rates under cointegration relationship of the series. This result is very consistent with Crowder and Hoffman (1996) . The results of Portugal and Spain indicate that real interest rates could be stationary with nonstationary nominal interest rates and stationary inflation, which can be explained by Fisher hypothesis.
A different result of the study could be related with break locations. The break locations indicate a structural break on the series. However linking the actual events which results a structural break in the series may be a topic for new studies. Garcia, R., Perron, P. (1996) -4,545, -3,842, and -3,504 . *, **, *** denote statistical significance at the 1%, 5%, 10% levels. -4,239, -3,566, and -3,211 . The 1, 5, and 10% critical values for the minimum LM test with two breaks are : -4,545, -3,842, and -3,504 . *, **, *** denote statistical significance at the 1%, 5%, 10% levels.
